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Harnessing power of multi-core and many-
core

Top	500	ranking

https://en.wikipedia.org/wiki/TOP500
NUMA-Caffe: NUMA-Aware deep neural networks 2



Caffe workflow
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Sub-sampling Convolution Sub-sampling Classification

Forward pass

Backward pass



Data-parallel convolution layer (BVLC-Caffe)
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template <typename Dtype>
void ConvolutionLayer<Dtype>::Forward_cpu(const vector<Blob<Dtype>*>& bottom,

const vector<Blob<Dtype>*>& top) {
const Dtype* weight = this->blobs_[0]->cpu_data();
for (int i = 0; i < bottom.size(); ++i) {

const Dtype* bottom_data = bottom[i]->cpu_data();
Dtype* top_data = top[i]->mutable_cpu_data();
for (int n = 0; n < this->num_; ++n) {
this->forward_cpu_gemm(bottom_data + n * this->bottom_dim_, weight,

top_data + n * this->top_dim_);
if (this->bias_term_) {

const Dtype* bias = this->blobs_[1]->cpu_data();
this->forward_cpu_bias(top_data + n * this->top_dim_, bias);
}
}
}
}

Iterating over images

BLAS parallel



Data-parallel convolution layer (Intel-Caffe)
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template <typename Dtype>
void ConvolutionLayer<Dtype>::Forward_cpu(const vector<Blob<Dtype>*>& bottom,

const vector<Blob<Dtype>*>& top) {
const Dtype* weight = this->blobs_[0]->cpu_data();
for (int i = 0; i < bottom.size(); ++i) {

const Dtype* bottom_data = bottom[i]->cpu_data();
Dtype* top_data = top[i]->mutable_cpu_data();

#ifdef _OPENMP

#pragma omp parallel if(this->num_of_threads_ > 1) num_threads(this->num_of_threads_)

{
#pragma omp for

#endif

for (int n = 0; n < this->num_; ++n) {
this->forward_cpu_gemm(bottom_data + n*this->bottom_dim_,

weight,
top_data + n*this->top_dim_);

if (this->bias_term_) {
const Dtype* bias = this->blobs_[1]->cpu_data();
this->forward_cpu_bias(top_data + n * this->top_dim_, bias);
}
}

…

Coarse-grain parallel

Loop coalescing



Testbeds
Processor Type # 

sockets
#cores/ 
socket

L1 data 
cache

L2 cache LLC cache Memory/Socket

Sandy Bridge: Intel Xeon1 
E5-4650 2.70GHz

4 8 32 KB 256 KB 20 MB 
shared

64 GB

KNL: Intel Xeon Phi 7210 
1.30GHz

4 16 32 KB 1024 KB - 4 GB HBM 
24 GB DDR4

Broadwell: Intel Xeon E7-
4830v4 2.00GHz

4 14 32 KB 256 KB 35 MB 
shared

251 GB 

AMD Opteron Processor 
6168 800MHz

8 6 64 KB 512 KB 5 MB 
shared

16  GB

NUMA-Caffe: NUMA-Aware deep neural networks 6



NUMA scalability of Caffe (Alexnet)
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Memory access latency & bandwidth 
utilization (CIFAR-10)

# of NUMA Avg DRAM latency Scaling factor Avg memory latency Contribution of DRAM 
latency (%)

1 NUMA 13.6 1.00 69.2 19.66

2 NUMA 20.0 1.47 153.2 13.03

4 NUMA 64.5 4.75 173.7 37.15
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Sockets Total GB/sec Read GB/sec Write GB/sec
Socket 0 12.6 5.8 6.08

Socket 1 0.73 0.34 0.39

Socket 2 1.02 0.57 0.45

Socket 3 0.65 0.3 0.35

Average Bandwidth Utilization of CIFAR10 Training by IntelCaffe

Memory Access Latency of CIFAR10 Training by IntelCaffe



Layer level breakdown node-load miss (CIFAR-10)

Layer Function %Node-load miss
Convolution layer weight_cpu_gemm 36.1%

forward_cpu_gemm 11.4%

Im2col_cpu 5.7%

Backward_cpu_gemm 4.0%

Pooling layer Backward_cpu 3.3%

Forward_cpu 2.0%

ReLU layer Backward_cpu 3.7%
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NUMA-Caffe workflow
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NUMA-Caffe scalability (Alexnet)
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NUMA-Caffe  
achieves 2.4×

speedup over Intel-
Caffe



Package bandwidth utilization of NUMA-Caffe
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Sockets Total GB/sec Read GB/sec Write GB/sec
Socket 0 3.69 1.99 1.70

Socket 1 3.37 1.76 1.61

Socket 2 3.8 1.96 1.83

Socket 3 3.4 1.76 1.64

Average Bandwidth Utilization of CIFAR10 Training by NUMA-Caffe

NUMA-Caffe achieves 7× less memory access latency compared to Intel-Caffe



Layer-level speedup of AlexNet
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Empirical validation of accuracy (CIFAR-10)
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Conclusion

• Systematic study of NUMA-scalability challenges of Caffe
• Variants of Caffe: BVLC-Caffe and Intel-Caffe
• Three networks: CIFAR-10, AlexNet, GoogLeNet
• Testbeds: Intel KNL, Sandy Bridge, Broadwell, AMD Opteron

• Root-cause analysis of NUMA bottleneck

• Proposed NUMA-Caffe

• Evaluate performance and accuracy
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